
For additional information, contact: 

Xiaojuan Yang 
Research Staff Member 

Oak Ridge National Lab 

(865) 5747615 
yangx2@ornl.gov climatemodeling.science.energy.gov/acme 

Integra(on	  of	  prognos(c	  	  
phosphorus	  cycle	  dynamics	  into	  ACME 

Xiaojuan	  Yang,	  Peter	  Thornton,	  Daniel	  Ricciuto,	  
	  Gangsheng	  Wang,	  Xiaoying	  Shi,	  and	  Forrest	  Hoffman 

Objective 

Approach 

Impact 

-2

-1.5

-1

-0.5

 0

 0.5

-15

-10

-5

 0
S T

(P
gC

/K
)

S P
(P

gC
/m

m
 d

-1
] )

Tair Prcp

CNP
CN

The	   objec(ve	   of	   this	   task	   (land	   task	   M3.12)	   is	   to	   examine	   how	   the	  
inclusion	   of	   prognos(c	   phosphorus	   (P)	   cycle	   affects	   carbon-‐climate	  
feedbacks	  using	  fully	  coupled	  simula(ons.	  	  
	  
Very	   few	   Earth	   System	  Models	   (ESMs)	   has	   considered	   P	   as	   a	   limi(ng	   nutrient,	  
although	  P	  limita(on	  is	  widespread	  and	  is	  most	  pronounced	  in	  highly	  produc(ve	  
lowland	  tropical	  forests.	  In	  this	  task,	  we	  will	  further	  develop	  and	  improve	  exi(ng	  
CLM-‐CNP	  model	   and	   integrate	   the	   improved	   prognos(c	   P	   cycle	  model	   into	   the	  
ACME	   land	   model.	   We	   will	   perform	   a	   series	   of	   uncoupled	   and	   coupled	   global	  
simula(ons	  with	  different	  land	  configura(ons	  to	  explore	  the	  role	  of	  phosphorus	  
dynamics	  in	  regula(ng	  climate	  system	  feedbacks.	  

Timeline	  in	  2015	  	  

² Help	  improve	  representa(on	  of	  carbon	  cycle	  constraints	  from	  nutrient	  
limita(on,	  especially	  in	  tropical	  regions	  with	  known	  phosphorus	  limita(on.	  	  

² Quan(fy	  the	  effect	  of	  accoun(ng	  for	  phosphorus	  cycle	  dynamics	  on	  
terrestrial	  carbon	  cycle	  responses	  to	  change	  	  in	  atmospheric	  CO2	  and	  
climate.	  

² Help	  reduce	  uncertain(es	  in	  predic(ons	  of	  carbon	  cycle-‐climate	  feedbacks	  
and	  improve	  future	  climate	  predic(on	  	  

Global-‐scale	  assessment	  of	  sensiCvity	  
of	  NEE	  to	  temperature	  and	  
precipitaCon.	  Based	  on	  mulCple	  
regression	  esCmates	  of	  slopes.	  	  

EsCmated	   spaCal	   variaCon	   of	   nutrient	   limitaCon	   factor	   (N	   and	   P)	   on	   the	   global	   scale,	  
based	  on	  the	  global	  applicaCon	  of	  CLM-‐CNP	  (Yang	  et	  al.,	  2014).	  	  Regions	  with	  a	  negaCve	  
value	   are	   considered	  more	   limited	   by	  N,	  while	   regions	  with	   a	   posiCve	   value	   are	  more	  
limited	  by	  P.	  The	  bigger	  the	  absolute	  value	  is,	  the	  stronger	  the	  limiCng	  effect	  is.	  	  

Changes	  in	  tropical	  land	  carbon	  storage	  in	  
response	  to	  historical	  changes	  in	  [CO2]	  and	  
climate	  with	  and	  without	  P	  dynamics.	  Red	  lines	  
are	  with	  P	  dynamics	  while	  blue	  lines	  are	  
without	  P.	  	  


